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DESCRIPTION 

PRODUCTION PROCESS OP TITANIA-SILICA MIXED CRYSTAL 
PARTICLES HAVING A HIGH BULK DENSITY, TITANIA-SILICA 
MIXED CRYSTAL PARTICLES OBTAINED BY THE PROCESS AND 
USES THEREOF 
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Cross Reference to Related Application 
This application is an application filed under 35 
U.S.C. §111 (a) claiming benefit pursuant to 35 U.S.C. 
§1 19(e)(1) of the filing date of the Provisional 
Application No. 60/438 , 795 filed on January 9, 2003, 
pursuant to 35 U.S.C. §lll(b). 

15 Field of the Invention 

The present invention relates to a process for 
producing a titania-silica mixed crystal particles 
comprising titanium oxide as the main component and 
silica as a subsidiary component, which is a powder 
having a large specific surface area and, nevertheless, 
does not grow to have a steric structure constituted by 
connected primary or secondary particles because of a low 
aggregation, degree of primary particles and therefore, 
can be easily dispersed or suspended in a non-agueous 
25 solvent, an agueous solvent, an organic polymer 

composition including resin, or a silicon polymer 
composition. The present invention also relates to 
titanium-silica mixed crystal particles obtained by the 
production process and uses thereof. 

30 

Background Art 

In recent years, the industrial applications of 
ultrafine particulate titanium oxide are largely 
expanding and studies are being made on applications over 
35 a wide range, for example, a dielectric raw material, a 
filler for a resin film or the like, a bulking agent for 
organic polymer compositions or silicon polymer 
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compositions, an ultraviolet-shielding material, a 
silicon rubber additive and a coating agent intended to 
have a photocatalytic ability. 

On the other hand, a titania-silica mixed crystal 
based on titanium oxide has an improved dispersibility in 
resin, solvent, oil and fat, silicon polymer or the like 
as compared with titanium oxide. Furthermore, the 
titania-silica mixed crystal has heat resistance to 
undergoing less reduction in specific surface area even 
at high temperatures and, therefore, development of uses 
over a wider range than for titanium oxide are expected. 

As a production method for composite particles 
containing titanium oxide, a method of producing silica- 
titania composite particles by reacting a mixed vapor of 
15 a silicon halide and a titanium halide with an oxidizing 
gas containing oxygen at a temperature of 900 °C or more 
is known (see, JP-A-50-115190 (the term "JP-A" as used 
herein means an "unexamined published Japanese patent 
application"), in this method, the mixed raw material 
20 vapor is reacted at a high temperature of 900 °C or more 
without performing preheating and the composite powder 
produced has a structure such that crystalline TiO z 
particles are always deposited on a surface. 

Also, Japanese Patent No. 2,503,370 (European Patent 
25 No. 595,078) discloses that a titania-silica mixed 

crystal comprising titanium oxide-aluminum oxide-silicon 
oxide can be produced by flame hydrolysis using a 
chloride as a raw material (the reaction temperature is 
from 1,000 to 3,000°C). As flame hydrolysis is employed, 
30 the product is an alumina-titania mixed crystal or a 
titania-silica mixed crystal. 

Furthermore, JP-T-9-511985 (the term "jp-T" as used 
herein means a "published Japanese translation of PCT 
patent application") discloses a method of obtaining 
35 anatase-free titanium oxide by adding a silicon halide to 
a plug flow reactor. Other than these, U.K. Patent No. 
689,123 and U.S. Patent No. 3,219,468 are known. 
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As for the liquid phase method, JP-A-2001-139331 
discloses a method of obtaining a titania-silica mixed 
crystal by using a composite coprecipitate of titanium 
and silicon. 

The titanium oxide or titania-silica mixed crystal 
can express its function or can be added more effectively 
when formed into fine particles. For example, in 
cosmetics, transparency increases by formation into a 
fine particles and, therefore, unacceptable whiteness can 
be prevented on application to skin. m use in resin 
films, coating materials or the like, transparency 
increases in addition to ultraviolet-shielding ability, 
photocatalytic ability and the like and therefore, 
excellent design property is imparted to dramatically 
15 expand the use in industry. 

In the case of use as a photocatalyst, a powder as a 
photocatalyst must be fixed on the surface of a 
structure. This fixing is usually performed by 
suspending the powder in a coating material or the like \ 
and applying it to the surface of a structure. The 
powder having a photocatalytic function more readily 
expresses its function as the surface area is larger, 
because contact with the environment increases. That is, 
fine particles are preferred. Ultrafine particles have 
not been clearly defined but, in general, fine particles 
having a primary particle size of about 0.1 |un or less 
are called ultrafine particles. 

By taking account of uses of the above-described 
titania-silica mixed crystal particles, an. object of the 
present invention is to provide titania-silica mixed 
crystal fine particles with low aggregation degree, and a 
production process and uses thereof. 

Finer particles are more difficult to suspend in a 
base material such as oil and fat, wax or resin. This is 
considered to be because, as the particles are finer, a 
steric structure constituted by long connected or 
massively aggregated primary particles is more readily 
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developed to include the base material in the structure. 
In other words, particles having such a structure are, 
even if suspended, very difficult to uniformly disperse 
and, in an extreme case, powder particles aggregate to 
cause gelation or solidification. in order to prevent 
this phenomenon, a technique of hydrophobing the surface 
with silicone or the like is used in some cases. 
However, as the particles become finer, a surface 
treatment of higher level is required and the working 
efficiency decreases. 

The particle structure is described below. In many 
cases, particles exist as a secondary particle resulting 
from aggregation of a plurality of primary particles into 
lumped or chained particles. Also, secondary particles 
15 are often connected, by intermolecular force or the like, 
to take a steric structure. These secondary particles 
and steric structures are sometimes collectively called 
aggregated particles. when primary particles do not form 
a lump, that is, primary particles are not aggregated and 
20 exist as individual transfer units, this is called 

monodispersion. However, this state is very difficult to 
attain with particles of 1 (in or less. 

Usually, even if the primary particles are fine 
particles, the secondary particle is not a fine particle. 
25 That is, as the primary particles become finer, the 

aggregation degree tends to be higher. The particles 
having such a high aggregation degree are not only 
inferior in transparency but also in the handling of the 
powder, because a solvent or the like is readily included 
in spaces between primary particles or in voids of the 
steric structure. Therefore, the particles have a 
problem in its practical use. 

Accordingly, in the formation of fine particles, it 
is very important to reduce the particle size of the 
35 primary particles and also to suppress the formation of 
secondary particles and steric structures resulting from 
connection of these particles. However, the above- 
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described patent publications all are silent on the 
control of such an aggregated structure. A method of 
controlling the aggregated structure is described in JP- 
A-10-194741. According to this method, titanium dioxide 
particles are consolidated by a pressure roll to a bulk 
density of 0.8 g/cm 3 or more. This is intended to attain 
efficiency of transportation but, from the standpoint of 
more successfully dispersing the particles on use, the 
powder is excessively consolidated. 

For solving these problems regarding the aggregated 
structure peculiar to fine particle, various proposals 
have been made. 
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Summary of the Invention 
15 The Present inventors have taken note of the method 

for controlling primary particles in the gas phase 
process and also of the steric or aggregated structure of 
particles in the powder produced by the gas phase process 
and achieved the present invention. More specifically, 
it has been found that a method of controlling the 
primary particle size by the reaction system for the 
production of particles and then utilizing mechanical 
shearing is suitable for the control of steric or 
aggregated structure of a powder produced by a gas phase 
process and this results in production of a powder having 
a low aggregation degree. The present invention has been 
accomplished based on this finding. it has also been 
found that the bulk density is effective as an index for 
steric structure. 

As a result of extensive investigations made by 
taking account of conventional techniques, it has been 
found that when a mixed gas of titanium halide and 
silicon halide (hereinafter, generically called a "mixed 
gas") and an oxidizing gas are each preheated at 600°C 
35 more and then reacted and the obtained powder is heated 
at 30 0 to 600 °C to decrease the HC1 concentration in the 
powder to 1 mass% or less and then subjected to a . 
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treatment for dissociating the aggregated or steric 
structure of particles, preferably a stirring treatment 
in a vessel having rotary blades, a titania-silica mixed 
crystal particle having a bulk density of 0.15 to 0.8 
g/cm 3 and a BET specific surface area of io to 200 m 2 /g, 
preferably a bulk density of 0.2 to 0.6 g/cm 3 and a BET 
specific surface area of 20 to 100 m 2 /g, more preferably 
a bulk density of 0.2 to 0.5 g/cm 3 and a BET specific 
surface area of 30 to 70 m 2 /g, can be obtained. By this 
finding, the above-described object can be attained. 
That is, the present invention provides the followings. 

(1) A process for producing a titania-silica mixed 
crystal particle having a high bulk density and 
comprising titanium oxide as the main component and 
silicon oxide as a subsidiary component, the process 
comprising decomposing gaseous titanium halide and 
gaseous silicon halide each heated at 600°C or more in 
the presence of oxygen or water vapor heated at 600 °C or 
more to, obtain a powder comprising titanium oxide and 
silicon oxide, heating the obtained powder at 300 to 
600 °C to decrease the concentration of raw material- 
originated hydrogen halide in the powder to 1 mass% or 
less, and then subjecting the powder to a treatment of 
dissociating the aggregated or steric structure. 

(2) The process as described in (1) above wherein, 
in the' step of said decomposition, the gaseous metal 
halide and an oxidizing gas are introduced into a reactor 
at a flow rate of 30 m/sec or more. 

(3) The process as described in (2) above, wherein 
the gaseous metal halide and the oxidizing gas have an 
average flow rate of 5 m/sec or more in the reactor. 

(4) The process as described in (2) above, wherein 
the gaseous metal halide and the oxidizing gas have a 
residence time at a temperature of 600°C or more in the 

35 reactor is 1 second or less. 

(5) The process for producing a titania-silica mixed 
crystal particle having a high bulk density as described 
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in any one of (1) to (4) above, wherein the treatment of 
dissociating the aggregated or steric structure is a 
stirring treatment of charging the powder into a vessel 
having a plurality of rotary blades differing in the 
shape and rotating the rotary blades at a peripheral 
speed of 4 to 60 m/s. 

(6) The process according to (5) above, wherein the 
dissociating treatment of the powder is conducted in a 
Henschel mixer. 

(7) A titania-silica mixed crystal particle produced 
by the production process described in any one of (1) to 
(6) above, which has a BET specific surface area of 10 to 
200 m 2 /g and a bulk density of 0.15 g/cm 3 to less than 
0.8 g/cm 3 . 

(8) A titania-silica mixed crystal particle produced 
by a gas phase process, which has a BET specific surface 
area of 20 to 100 mVg and a bulk density of 0.2 g/cm 3 to 
less than 0.6 g/cm 3 . 

(9) A titania-silica mixed crystal particle produced 
by a gas phase process, which has a BET specific surface 
area of 30 to 70 m 2 /g and a bulk density or 0.2 g/cm 3 to 
less than 0.5 g/cm 3 . 

(10) The titania-silica mixed crystal particle as 

described in any one of (7) to (9) above, wherein Si0 2 .is 

25 contained in an amount of 0.1 mass% to less than 50 
mass% . 

(11) The titania-silica mixed crystal particle as 
described in any one of (7) to (9) above , wherein Si0 2 is 
contained in an amount of 10 to 40 mass%. 

(12) The titania-silica mixed crystal particle as 
described in any one of (7) to (9) above, wherein Si0 2 is 
contained in an amount of 15 to 30 mass%. 

(13) The titania-silica mixed crystal particle as 
described in any one of (7) to (12) above, wherein the 
oil absorption amount is less than 1 ml/g as measured by 
the oil absorption measuring method of JIS K 5101 using 
squalane in place of linseed oil. 
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(14) A cosmetic material comprising the titania- 
silica mixed crystal particle described in any one of (7) 
to (13) above . 

(15) The cosmetic material as described in (14) 
above, further comprising an additive selected from the 
group consisting of oils, whitening agents, moisturizers, 
anti-aging agents, emollients, essences, 
antiinflammatorys, antioxidants, surfactants, chelating 
agents, antibiotics, antiseptics, amino acids, sugars, 
organic acids, alcohols, esters, fats and oils, 
hydrocarbons, ultraviolet inhibitors and inorganic 
powders . 

(16) An organic polymer composition comprising an 
organic polymer and the titania-silica mixed crystal 

15 particle described in any one of (7) to (13) above, the 

titania-silica mixed crystal particles being contained in 
an amount of 0.01 to 80 mass% based on the total mass of 
the composition. 

(17) The organic polymer composition as described in 
20 (16) above, wherein the organic polymer of the organic 

polymer composition is at least one resin selected from 
the group consisting of synthetic thermoplastic resins, 
synthetic thermosetting resins and natural resins. 

(18) A silicon polymer composition comprising a 
25 silicon polymer and the titania-silica mixed crystal - 

particles described in any one of (7) to (13) above, the 
titania-silica mixed crystal particles being contained in 
an amount of 0.01 to 90 mass% based on the total mass of 
the composition. 

30 < 19 > The organic polymer composition or silicon 

polymer composition as described in any one of (15) to 
(18) above, wherein the organic polymer composition or 
silicon polymer composition is a compound. 

(20) The organic polymer composition or silicon 

35 polymer composition as described in any one of (15) to 
(18) above, wherein the organic polymer composition or 
silicon polymer composition is a masterbatch. 
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(21) A molded article obtained by molding the 
organic polymer composition or silicon polymer 
composition described in any one of (15) to (20) above. 

(22) The molded article described in (21) above 

5 wherein the molded article is one selected from the group 
consisting of fiber film and plastic molded article. 

(23) A slurry comprising the titania-silica mixed 
crystal particle described in any one of (7) to (13) 
above . 

10 (24) A dye-sensitized solar cell comprising the 

titania-silica mixed crystal particle described in any 
one of (7) to (13) above in the structure. 

(25) A coating agent comprising the titania-silica 
mixed crystal particle described in any one of (7) to 

15 (13) above. 

(26) A coating material comprising the titania- 
silica mixed crystal particle described in any one of (7) 
to (13) above. 

(27) A structure having on the surface thereof the 
20 titania-silica mixed crystal particle described in any 

one of (7) to (13) above. 

(28) The structure as described in (27) above, which 
is selected from the group consisting of building 
materials, machines, vehicles, glass products, home 

25 electric appliances, agricultural materials, electronic 
equipment, tools, tableware, bath furnishings, toilet 
goods, furniture, clothing, cloth products, fibers, 
leather products, paper products, sporting goods, 
bedding, containers, spectacles, billboards, piping, 

30 wiring, metal fittings, hygiene materials, automobile 
equipment, outdoor products such as tents, stockings, 
socks, gloves and masks. 

(29) A photocatalyst which is the titania-silica 
mixed crystal particle described in any one of (7) to 

35 (13) above. 

Brief Description of the Drawings 
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Fig 1 is a schematic view showing one example of a 
reaction apparatus where the production process of the 
present invention is practiced. 

Fig. 2 is a schematic view showing one example of a 
volume reducer suitable for the treatment of dissociating 
the aggregated or steric structure of powder. 

Best Modes of Carrying out the Preferred Embodiment 
of the Invention 

The present invention is described in detail below. 
According to the present invention, it has been 
found that, in a gas phase production process of 
producing titania-silica mixed crystal particles by 
oxidizing titanium halide and silicon halide with an 
oxidizing gas at a high temperature, when the mixed gas 
and the oxidizing gas are reacted, after preheating each 
gas at 60 0 °C or more, and then passed through a high 
purity treatment and a volume reduction treatment 
(aggregation dissociating treatment), ultrafine titania- 
silica mixed crystal particles having a bulk density of 
0.15 to 0.8 g/cm 3 and a BET specific surface area of 10 
to 200 m 2 /g, preferably a bulk density of 0.2 to 0.6 
g/cm 3 and a BET specific surface area of 20 to 100 m 2 /g, 
more preferably a bulk density of 0.2 to 0.5 g/cm 3 and a 
25 BET specific surface area of 30 to 70 m 2 /g, can be 

obtained. Furthermore, ultrafine titania-silica mixed 
crystal particles containing silica in a proportion of 
0.1 mass% to less than 50 mass%, preferably from 10 to 40 
mass%, more preferably from 15 to 30 mass%, can be 
30 produced. 

In the above-described production process of 
ultrafine titania-silica mixed crystal particles, the 
mixed gas is a gas of metal halides selected from the 
group consisting of chloride, bromide and iodide of 
35 titanium and of silicon. As for the form of supplying 
the metal halide gas to a reaction tube, a gas obtained 
by individually gasifying the metal halides and then 
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mixing the resulting gases is preferably used. The 
oxidizing gas is oxygen, water vapor or a mixed gas 
containing oxygen or water vapor. 

The chloride, bromide or iodide of titanium and 
5 silicon for use in the present invention is not limited 
and any metal halide may be used as long as it can 
produce the metal halide gas when preheated at least at 
600 °C or more. Preferred examples thereof include TiCl 2 , 
TiCl 3 , TiCl 4 , TiBr 3 , TiBr 4 , SiCl 4 , Si 2 Cl 6 , Si 3 Cl 8 , Si 4 Cl 10 , 

10 Si 5 Cl 12 , Si 10 Cl 12 , SiBr 4 , Si 2 Br 6 , Si 3 Br 8 , Si 4 Br 10 , Sil 4 , Si 2 I 6 , 

SiCl 2 I 2 , SiClI 3 , SiBr 3 I, SiHI 3 , SiCl 3 I, SiH 3 Br, SiH 2 Br 2 , 
SiHBr 3 , SiCl 3 Br, SiCl 2 Br 2 and SiClBr 3 . 

in the present invention, the mixed metal halide gas 
and the oxidizing gas each must be preheated at least at 

15 600 °C or more, preferably 800 °C or more, before the 

reaction. if the preheating temperature of the mixed 
metal halide gas and the oxidizing gas is less than 
600°C, an ultrafine particle is difficult to obtain due 
to low reactivity and the raw material-originated halogen 

20 portion in the product cannot be satisfactorily removed 
even by a dehalogenation reaction, when the temperature 
at the introduction of gas into the reaction tube is 
6 00 °C or more, the reaction is completed at the same time 
with the mixing and, as a result, generation of uniform 

25 nuclei is promoted and the primary particle becomes 
small . 

In the present invention, the flow rate at the 
introduction of the mixed metal halide gas and the 
oxidizing gas to the reaction tube is 30 m/sec or more, 

30 preferably 50 m/sec or more. This is because when the 
flow rate is elevated, the Reynolds number is increased 
and the mixing of the gases is accelerated. For 
obtaining a powder having a low aggregation degree, it is 
very important that the gas introduced into the reaction 

35 tube is swiftly and completely oxidized and the residence 
time at a high temperature of 600 °C or more is 1 second 
or less. The swift oxidation proceeds by swiftly 
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performing thorough mixing and therefore, the gas fluid 
state in the reaction tube is preferably a turbulent 
flow. 

In the present invention, the gases supplied into 
5 the reaction tube preferably flow at a high flow rate 
inside the reaction tube for completely performing the 
mixing of gases, particularly preferably at an average 
flow rate of 5 m/sec or more, when the average flow rate 
of gas inside the reaction tube is 5 m/sec or more, 
10 thorough mixing can be performed inside the reaction 
tube. 

With respect to the inlet nozzle for introducing the 
raw material gas into the reaction tube, a nozzle of 
giving a coaxial parallel flow, an oblique flow, a cross 
15 flow or the like is employed but the present invention is 
not limited thereto. in general, the coaxial parallel 
flow nozzle is preferably used, because the structure is 
simple, though this nozzle is inferior in the mixing 
degree to the nozzle of giving an oblique flow or a cross 
20 flow. For example, in the case of a coaxial parallel 
flow nozzle, the gas containing chloride is introduced 
into the inner tube and the oxidizing gas is introduced 
into the outer tube. 

The reaction in the reaction tube is an exothermic 
25 reaction. Although heat is lost by heat transfer from 
the reaction apparatus, unless the produced fine 
particles are rapidly cooled after the reaction, 
sintering of the particles proceeds to cause the growth 
of particle size. in the present invention, the 
particles are preferably controlled to reside in the • 
reaction tube at a high temperature exceeding 600 °C for 1 
second or less by adjusting the gas flow rate or the size 
of reaction tube and then are rapidly cooled, whereby 
aggregated particles are hardly formed. 

For rapidly cooling the particle after the reaction, 
for example, a method of introducing a large amount of 
cooling air or gas such as nitrogen into the mixture 
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after the reaction, or a method of spraying water is 
employed. 

As the raw material mixed metal halide gas, the 
above-described mixed metal halide gas may be used in 
100 vol% but is preferably diluted with an inert gas to a 
concentration of 10 vol% to less than 100 vol%, more 
preferably from 20 vol% to less than 100 vol%. By using 
a gas having a mixed metal halide gas concentration (a 
total concentration of metal halide gases) of 10 vol% or 
more as the raw material, generation of uniform nuclei 
increases and the reactivity is also elevated. As the 
inert gas, a gas which does not react with the mixed 
metal halide and is not oxidized should be selected. 
Specific preferred examples of the diluting gas include 
15 nitrogen and argon. 

In the thus-obtained powder, by-products such as 
hydrogen chloride, hydrogen bromide and hydrogen iodide 
are adsorbed on the particle surface. To increase the 
purity of product, these adsorbed by-products are 
preferably removed by heating. Specifically, a method of 
heating the powder in a rotary kiln . is employed, in 
order to attain high purity while suppressing the- growth 
of particles due to heating, the heating temperature is 
usually set to less than 500°C and the residence time in 
the kiln is prolonged according to the purity demanded. 
However, the titania-silica mixed crystal ultrafine 
particles produced by the process of the present 
invention grow less at a high temperature, that is, this 
particle has excellent heat resistance and therefore, the 
heat treatment temperature can be set to from 500 to 
800°C. 

This high temperature treatment is considered to 
affect the aggregation degree of particles or the steric 
structure and is regarded as an important pre-stage step 
35 for obtaining the particle of the present invention. The 
steps so far are called a particle synthesis process. 

The particles produced by the synthesis process of 
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the present invention are particles characterized in that 
the primary particle size is small and the aggregated or 
steric structure is readily dissociated (reduced) by a 
simple and easy volume reduction step. Accordingly, by 
subjecting the particles produced by the above-described 
particle synthesis process to a volume reduction 
treatment of appropriately destroying the steric or 
aggregated structure composed of chained primary or 
secondary particles, titania-silica mixed crystal 
particles having a desired high bulk density can be 
obtained. in the case of the synthesized particles, the 
objective volume reduction treatment, that is, the 
treatment of dissociating the aggregated or steric 
structure does not require any particular strong shearing 
15 or consolidation force and can be easily attained, for 
example, by a stirring treatment using rotary blades. 

Specifically, the dissociation treatment can be 
attained by stirring the particles with a Henschel mixer. 
The Henschel mixer is known and has a structure having 
one rotary blade or a plurality of rotary blades in a 
vessel. The Henschel mixer is usually used for the 
purpose of stirring and mixing a powder or the like by 
rotating rotary blades but in the present invention, a 
shearing action suitable for the purpose of dissociating 
the aggregated or steric structure of the mixed crystal 
particle synthesized is provided. The Henschel mixer is 
preferably constituted by a vessel having a plurality of 
rotary blades differing in the shape in view of the 
efficiency, but the rotary blades may have the same shape 
or one rotary blade may be used. As for the shape of 
rotary blade, any shape including paddle type, propeller 
type and turbine type can be used, but a propeller type 
where the lower blade has a shape of bringing about a 
powder flow in the entire vessel and the upper blade has 
35 a shape of mainly giving shearing suitable for the 

dissociation of the aggregated or steric structure of the 
powder is preferred. The powder is charged into the 
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25 



30 
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vessel of a Henschel mixer and stirred preferably under 
the conditions such that the peripheral speed of rotary 
blade is from 4 to 60 m/s and the stirring time is at 
least 10 minutes. The blades differing in the shape may 
be rotated at the same speed or at different speeds 
Generally, if the peripheral speed exceeds the above- 
described range, the powder flies to render ineffectual 
the shearing action on the powder, failing to destroying 
the steric structure of the powder, and also the blade is 
abraded to increase impurities. On the other hand, if 
the peripheral speed is less than this range, the 
shearing force is poor and the steric structure cannot be 
destroyed. if the treatment time is longer, the vessel 
and rotary blade are more abraded and, therefore, the 
treatment time must be shortened as much as possible to 
maintain purity. 

in the titania-silica mixed crystal particles 
produced by the above-described particle synthesis 
process of the present invention, the dissociation ■ of the 
aggregated or steric structure is facilitated and 
therefore, the method and conditions for the dissociation 
treatment are not particularly limited. The aggregated 
or steric structure can be easily dissociated by adding a 
slight shearing force to the synthesized particles. The 
production process of titania-silica mixed crystal 
particles having a high bulk density of the present 
invention is characterized in that titania-silica mixed 
crystal particles are produced by such a particle 
synthesis process ensuring easy dissociation and then 
subjected to a treatment of dissociating the aggregated 
or steric structure. 

The titania-silica mixed crystal particles produced 
by the above-described particle synthesis process of the 
present invention and then subjected to a dissociation 
treatment are fine primary particles (having a large 
specific surface area) synthesized by the gas phase 
process, nevertheless, these are fine or ultrafine 
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particles not having a low bulk density (not grown to 
aggregated or steric structure) peculiar to the particles 
synthesized by the gas phase process but having a high 
bulk density reduced in the aggregation or steric 
structure. 

The titania-silica mixed crystal particles 
(ultrafine particles) obtained by the production process 
of the present invention are described in more detail 
below. The titania-silica mixed crystal particles are a 
powder obtained by the gas phase process and having a 
high bulk density of 0.15 to 0.8 g/cm 3 despite a high 
specific surface area of 10 to 200 m 2 /g. The bulk 
density is preferably from 0.2 to 0.6 g/cm 3 with a 
specific surface area of 20 to 100 mVg, more preferably 
15 from 0.2 to 0.5 g/cm 3 with a specific surface area of 30 
to 70 m 2 /g. 

The silica concentration in the particles can be 
adjusted to from 0.1 mass* to less than 50 mass%, 
preferably from 10 to 40 mass%, more preferably from 15 
20 to 30 mass%. 

Generally, the powder obtained by the gas phase 
process has a very low bulk density and, therefore, this 
powder is deficient in that dusting readily occurs on use 
and the workability at the mixing with other components 
25 is bad. However, the powder of the present invention has 
a high bulk density despite a high specific surface and 
therefore, is improved not only in such workability but 
also in the properties described below. 

That is, the titania-silica mixed crystal particles 
of the present invention is characterized by having a low 
oil absorption amount as an index for the aggregation 
degree of powder, despite its high specific surface area. 
As the aggregation degree is higher and the primary 
particle is smaller, the oil absorption amount is higher. 
35 The titania-silica mixed crystal particles obtained by 
the present invention have an oil absorption amount of 
less than 1.0 ml/g as measured by using squalane. if the 
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oil absorption amount is high, the powder dispersed or 
kneaded in cosmetic, compound or the like exhibits a 
behavior such as gelling or solidification. The powder 
of the present invention has a small oil absorption 
amount despite being fine particles and, therefore, a 
large amount of the powder can be dispersed in a 
cosmetic, a resin or the like. Moreover, this powder can 
be applied to these uses without hydrophobing the surface 
and a formulation fully making use of the characteristics 
of powder can be obtained. 

The oil absorption amount is measured by the method 
described in JIS K 5101. However, the oil used is 
squalane in place of the linseed oil described in the 
JIS . 

The method for measuring the oil absorption amount 
performed in the present invention is described. A 
sample (5 g) is placed on a glass plate (about 250x250x5 
mm), squalane is dropped little by little on the center 
of sample from a burette and the entire is thoroughly 
kneaded with a spatula every each dropping. The 
operation of dropping and kneading is repeated by setting 
the end point to the time when the entire amount first . 
becomes a solid putty lump to such an extent that the 
lump can be rolled up into a spiral shape with a steel 
25 spatula. The amount of squalane used is determined and 
the oil absorption amount (ml/g) G is calculated 
according to the following formula, when, depending on 
the kind of sample, a putty lump cannot be rolled up into 
a spiral shape, the time immediately before the lump is 
30 abruptly softened by one drop of squalane and sticks on 
the glass plate is set as the end point. 
G=H/S 

wherein H : amount of squalane (ml) 
S: mass of sample (g) 
35 G: oil absorption amount (ml/g). 

The bulk density of powder is described below. 
The ultrafine particles obtained by the gas phase 
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process are characterized by having a very small bulk 
density because the characteristic steric structure of 
primary/secondary particles grows, and this raises a 
serious problem in the handling of powder. However, the 
titania-silica mixed crystal particles of the present 
invention have a large bulk density and therefore, are 
free from such a problem. 

The titania-silica mixed crystal particles of the 
present invention can be used for almost the same uses of 
conventional titanium oxide, such as a resin product, a 
rubber product, a paper, a cosmetic, a paint, a printing 
ink, a ceramic product, a paste for a dye-sensitized 
solar cell, and a photo-catalyst. in particular, the 
titania-silica mixed crystal particles of the present 
15 invention can be preferably used for uses where the 
expression of photocatalytic ability is limited and 
dispersibility in a medium is required. 

The titania-silica mixed crystal particles of the 
present invention can be used as a composition by adding 
20 it to, for example, an organic polymer. Examples of the 
organic polymer include synthetic thermoplastic resins, 
synthetic thermosetting resins and natural resins. 
Specific examples of the organic polymer include 
polyolefins such as polyethylene, polypropylene and 
25 polystyrene, polyamides such as nylon 6, nylon 66 and 

aramid, polyesters such as polyethylene terephthalate and 
unsaturated polyester, polyvinyl chloride, polyvinylidene 
chloride, polyethylene oxide, polyethylene glycol, 
silicon resin, polyvinyl alcohol, vinyl acetal resin, 
polyacetate, ABS resin, epoxy resin, vinyl acetate resin, 
cellulose, cellulose derivatives (e.g., rayon), 
polyurethane, polycarbonate, urea resin, fluororesin, 
polyvinylidene fluoride, phenolic resin, celluloid, 
chitin, starch sheet, acrylic resin, melamine resin and 
35 alkyd resin. 

The titania-silica mixed crystal particles of the 
present invention can be used as a composition by adding 
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them to, for example, a silicon polymer. 

The organic polymer composition or silicon polymer 
composition containing the titania-silica mixed crystal 
particles of the present invention can be used in the 
form of, for example, a coating material (coating 
composition), a compound (for example, a resin 
composition containing the powder) or a molding 
masterbatch containing the titania-silica mixed crystal 
particles in a high concentration. in the organic 
polymer composition or silicon polymer composition, 
additives such as an antioxidant, an antistatic agent and 
a metal fatty acid salt may be added. 

The concentration of the titania-silica mixed 
crystal particles of the present invention in the organic 
polymer composition or silicon polymer composition is 
preferably from 0.01 to 80 mass%, more preferably from 1 
to 50 mass%, based on the total mass of the composition. 

By molding such a polymer composition, a molded 
article having an ultraviolet-shielding ability is 
20 obtained. Examples of the molded article include fibers, 
films and plastic molded articles. 

The titania-silica mixed crystal particles of the 
invention can also be formed into a coating agent by 
dispersing them in water or an organic solvent and then 
25 optionally adding a binder. The binder material is not 
particularly limited and may be an organic binder or an 
inorganic binder. 

Examples of the binder include polyvinyl alcohol, 
melamine resin, urethane resin, celluloid, chitin, starch 
sheet, polyacrylamide, acrylamide, polyester (e.g., 
unsaturated polyester), polyvinyl chloride, 
polyvinylidene chloride, polyethylene oxide, polyethylene 
glycol, silicon resin, vinyl acetal resin, epoxy resin, 
vinyl acetate resin, polyurethane, urea resin, 
35 fluororesin, polyvinylidene fluoride and phenolic resin. 
Examples of the inorganic binder include zirconium 
compounds such as zirconium oxychloride, zirconium 
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hydroxychloride, zirconium nitrate, zirconium sulfate, 
zirconium acetate, ammonium zirconium carbonate and 
zirconium propionate, silicon compounds such as 
alkoxysilane and silicate, and metal alkoxides such as 
aluminum and titanium. 

The amount of binder added in the coating agent is 
preferably from 0.01 to 20 mass%, more preferably from 1 
to 10 mass%. 

If the binder content is less than 0.01 mass%, a 
sufficiently high adhesion cannot be obtained after 
coating, whereas if it exceeds 20 mass%, problems such as 
increase of viscosity arise and this is also 
disadvantageous in view of profitability. 

The titania-silica mixed crystal particles of the 
present invention may also be applied to the surface of a 
structure. The structure is not particularly limited and 
may be constituted by an inorganic material such as 
metal, concrete, glass and earthenware, an organic 
material such as paper, plastic, wood and leather, or a 
20 combination thereof. Examples of the structure include 
building materials, machines, vehicles, glass products, 
home electric appliances, agricultural materials, 
electronic equipment, tools, tableware, bath furnishings, 
toilet goods, furniture, clothing, cloth products, 
25 fibers, leather products, paper products, sporting goods, 
bedding, containers, spectacles, billboards, piping, 
wiring, metal fittings, hygiene materials, automobile 
equipment, outdoor products such as tents, stockings, 
socks, gloves and masks. 
30 The method of applying the titania-silica mixed 

crystal particle on the surface of a structure is not 
particularly limited and, for example, the above- 
described organic polymer composition, silicon polymer 
composition or coating agent may be directly coated on 
35 the structure or may be coated on a structure where a 

coating film is already provided. Furthermore, another 
coating film may be further formed thereon. 



WO 2004/060808 



- 21 - 



PCT/JP2003/016964 



10 



The titania-silica mixed crystal particles of the 
present invention can also be used for a cosmetic 
material or the like, in this cosmetic material, various 
additives commonly used for cosmetics can be added, such 
as oil, a whitening agent, a moisturizer, an anti-aging 
agent, an emollient, essences, an anti-inflammatory, an 
antioxidant, a surfactant, a chelating agent, an 
antibiotic, an antiseptic, an amino acid, sugars, an 
organic acid, alcohols, esters, fats and oils, 
hydrocarbons, an ultraviolet inhibitor and an inorganic 
powder . 

Specific examples thereof include solvents such as 
ethanol, isopropanol, butyl alcohol and benzyl alcohol, 
polyhydric alcohols such as glycerin, propylene glycol, 
15 sorbitol, polyethylene glycol, dipropylene glycol, 1,3- 
butylene glycol and 1,2-pentane diol, sugars such as 
sorbitol, disaccharides such as trehalose, moisturizers 
such as hyaluronic acid and water-soluble collagen, 
vegetable oils such as hydrogenated squalane, olive oil 

2 0 and jojoba oil, emollients such as ceramides, whitening 

agents such as stable ascorbic acid (e.g., magnesium 
ascorbic acid phosphate, ascorbic acid glucoside), 
arbutin, kojic acid, ellagic acid, rucinol and chamomile 
extract, anti-inflammatory such as allantoin, 
25 glycyrrhizinic acid and salts thereof, nonionic 

surfactants such as glycerin monostearate, POE sorbitan 
fatty acid ester, sorbitan fatty acid ester, POE alkyl 
ether, POE- POP block polymer and POE hydrogenated castor 
oil, anionic surfactants such as fatty acid soap and 

3 0 sodium alkylsulf ate, hydrocarbons such as squalane, 

liquid paraffin, paraffin, isoparaffin, petrolatum and 
cc-olefin oligomer, oils and fats such as almond oil, 
cacao oil, macadamia nut oil, avocado oil, castor oil, 
sunflower seed oil, evening primrose oil, saf flower oil, 
35 rape seed oil, horse oil, beef tallow and synthetic 

triglyceride, waxes such as beeswax, lanolin and jojoba 
oil, fatty acids such as lauric acid, stearic acid, oleic 
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acid, isostearic acid, rayristic acid, palmitic acid, 
behenic acid, glycolic acid and tartaric acid, higher 
alcohols such as cetanol, stearyl alcohol, behenyl 
alcohol and octyl dodecyl alcohol, synthetic esters such 
5 as glycerin triester and pentaerythritol tetraester, 
silicone oils such as dimethylpolysiloxane and 
methylphenyl-polysiloxane, chelating agents such as EDTA, 
gluconic acid, phytic acid and sodium polyphosphate, 
antiseptics and antibiotics such as paraben, sorbic acid, 
10 isopropyl-methylphenol, creosol, benzoic acid, ethyl 
benzoate, stearyldimethylbenzylammonium chloride, 
hinokitiol, furfural and sodium pyrithione, antioxidants 
such as vitamin E , dibutylhydroxytoluene , sodium 
hydrogensulfite and butylhydroxyanisole, buffering agents 

15 such as citric acid, sodium citrate, lactic acid and 

sodium lactate, amino acids such as glycine and alanine, 
esters such as butyl myristate, ethyl oleate and ethyl 
stearate, perfumes, pigments, animal and plant extracts, 
vitamins such as vitamin A, B group and C, vitamin 

20 derivatives, ultraviolet absorbents such as 

paraaminobenzoic acid, octyl paradimethylaminobenzoate, 
ethyl paraaminobenzoate, phenyl salicylate, benzyl 
cinnamate, octylmethoxy cinnamate, cinoxate, ethyl 
urocanate, hydroxymethoxybenzophenone and 

25 dihydroxybenzophenone , inorganic powders such as mica, 
talc, kaolin, calcium carbonate, silicic anhydride, 
aluminum oxide, magnesium carbonate, barium sulfate, 
cerium oxide, red oxide of iron, chromium oxide, 
ultramarine, black iron oxide and yellow iron oxide, and 

30 resin powders such as nylon powder and polymethyl 
methacrylate powder. 

The cosmetic material of the present invention can 
be produced by using a technique commonly employed in the 
production except for the portion related to the present 

35 invention. 

Fig. 1 is a schematic view roughly showing a 
reaction tube equipped with a coaxial parallel flow 
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nozzle, which is used for the production of the titania- 
silica mixed crystal particle of the present invention. 
A titanium halide gas 1 and a silicon halide gas 2 each 
diluted with an inert gas, if desired, are mixed and 
5 preheated to a predetermined temperature by a preheater 3 
and then introduced into a reaction tube 7 through the 
inner tube of a coaxial parallel flow nozzle part 6. An' 
oxidizing gas 4 is preheated to a predetermined 
temperature by a preheater 5 and then introduced into the 

10 reaction tube 7 through the outer tube of the coaxial 

parallel flow nozzle part 6. The gases introduced into 
the reaction tube are mixed and reacted and the reactant 
is rapidly cooled with a cooling gas and then transferred 
to a bag filter 8 to collect the titania-silica mixed 

15 crystal particles. The titania-silica mixed crystal 

particle collected is transferred to a rotary kiln 9 and 
heated. The resulting highly purified titania-silica 
mixed crystal particles are transferred to a volume 
reducer 10 and reduced in the volume, whereby titania- 

20 silica mixed crystal particles 11 having a high bulk 
density are obtained. 

Fig. 2 shows, as an example of the volume reducer 
10, a Henschel mixer having two-stage stirring blades 21 
and 22 within a vessel 23. The stirring blades 21 and 22 

25 are rotated by a motor 24 and thereby exert the function 

of stirring and mixing the powder. By the shearing force 
thereof, the aggregated or steric structure of particles 
can be dissociated. In view of the particle-stirring 
action, the stirring blades 21 and 22 are preferably 

30 different in the shape. 

Examples 

The present invention is described in greater detail 
below by referring to Examples, however, the present 
35 invention is not limited to these Examples. 
(Evaluation of Composite State) 

In the present invention, XPS (X-ray photoelectron 
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spectroscopy) is employed as the method for inspecting 
the composite state. The details thereof are described, 
for example, in A. Yu. Stakheev et al., J. Phvs. p.ham. r 
97(21), 5668-5672 (1993). 
Example 1 : 

Titanium tetrachloride (40 kg/hr), silicon tetra- 
chloride (15 kg/hr) and nitrogen gas (5 NmVhr) were 
introduced into a vaporizer and the obtained gas was 
heated to 1,000°C. This is called a raw material gas. 
Separately, a mixed gas of oxygen (5 NmVhr) and water 
vapor (30 NmVhr) was heated similarly to 1,000°C. This 
is called an oxidizing gas. The thus-obtained two gases 
(raw material gas and oxidizing gas) were introduced into 
a reaction tube at 70 m/s (raw material gas) and 110 m/s 
15 (oxidizing gas) through a coaxial parallel flow nozzle. 

The high temperature residence time was calculated to be 
0.78 seconds. The powder obtained by this reaction was 
collected with a bag filter and then introduced into an 
external heating rotary kiln heated at 800 °C to remove 
20 the adsorbed by-product component (hydrogen chloride). 

The residence time in the rotary kiln was about 30 
minutes . 

The thus-obtained powder (1 kg) was charged into a 
Henschel mixer manufactured by Mitsui Mining Co., Ltd. 
25 (Model: FM10B, upper blade: ST type, lower blade: AO 

type) and stirred at a peripheral speed of 40 m/s for 2 0 
minutes . 

The powder obtained was white and the specific 
surface area thereof was measured using a Monosorb-type 

30 apparatus manufactured by Quantachrome Corp. according to 
the BET one-point method and found to be 54 m 2 /g. The 
powder was analyzed using a fluorescent X-ray analyzer, 
X-ray Spectrometer Simultix 10, manufactured by Rigaku 
Corporation and found to contain 21 mass! of a silica 

35 component. The bulk density was 0.30 g/cm 3 , the HC1 

content was 0.6 mass% and the oil absorption amount was 
0.86 ml/g. Furthermore, by the local component analysis 
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(EDX) , this titania-silica mixed crystal was confirmed to 
be a titania-silica mixed crystal particle where the 
silica component (fine crystal) was uniformly dispersed 
in the titanium oxide fine crystal. 
5 Example 2 : 

Titanium tetrachloride (15 kg/hr), silicon tetra- 
chloride (12 kg/hr) and nitrogen gas (30 NmVhr) were 
introduced into a vaporizer and the obtained gas was 
heated to 1,100°C. This is called a raw material gas. 

0 Separately, a mixed gas of oxygen (5 NmVhr) and water 

vapor (42 NmVhr) was heated similarly to 1,100°C. This 
is called an oxidizing gas. The thus-obtained two gases 
(raw material gas and oxidizing gas) were introduced into 
a reaction tube at 74 m/s (raw material gas) and 125 m/s 

5 (oxidizing gas) through a coaxial parallel flow nozzle. 
The high temperature residence time was calculatively 
0.51 seconds. The powder obtained by this reaction was 
collected with a bag filter and then introduced into an . 
external heating rotary kiln heated at 800 °C to remove 

0 the by-product component (hydrogen chloride) adsorbed. 
The residence time in the rotary kiln was about 60 
minutes . 

The thus-obtained powder (1 kg) was charged into a 
Henschel mixer manufactured by Mitsui Mining Co., Ltd. 
5 (Model: FM10B, upper blade: ST type, lower blade: AO 

type) and stirred at a peripheral speed of 23 m/s for 20 
minutes . 

The powder obtained was white and the specific 
surface area thereof was measured using a Monosorb-type 

0 apparatus manufactured by Quantachrome Corp. according to 
the BET one-point method and found to be 92 mVg. The 
powder was analyzed using a fluorescent X-ray analyzer, 
X-ray Spectrometer Simultix 10, manufactured by Rigaku 
Corporation and found to contain 38 mass% of a silica 

5 component. The bulk density was 0.2 g/cm 3 , the HC1 

content was 0 . 8 mass* and the oil absorption amount was 
0.93 ml/g. Furthermore, by the local component analysis 
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(EDX), this titania-silica mixed crystal was confirmed to 
be titania-silica mixed crystal particles where the 
silica component was uniformly dispersed in the titanium 
oxide fine crystal. 
5 Example 3 : 

A foundation having the following formulation was 
produced by a normal method. As the titania-silica mixed 
crystal powder, the titania-silica mixed crystal particle 
obtained in Example 1 was used: 
10 Formulation of Foundation: 

Titania-silica mixed crystal particle 30 mass% 
Mica 15 mass% 

Talc 10 mass% 

iron oxide (red) 1.5 mass % 

Iron oxide (yellow) 3.5 maS s% 

Glycerin 10 mass% 

Purified water 30 mass% 

Perfume optimum 
This foundation gave clearness and a good feeling on 

use. 

Comparative Example 1: 

Titanium tetrachloride (40 kg/hr), silicon tetra- 
15 chloride (15 kg/hr) and nitrogen gas (5 NmVhr) were 
introduced into a vaporizer and the obtained gas was 
heated to 1,000°C. This is called a raw material gas. 
Separately, a mixed gas of oxygen (5 NmVhr) and water 
vapor (30 NmVhr) was heated similarly to 1,000°C. This 
is called an oxidizing gas. • The thus-obtained two gases 
(raw material gas and oxidizing gas) were introduced into 
a reaction tube at 70 m/s (raw material gas) and 110 m/s 
(oxidizing gas) through a coaxial parallel flow nozzle. 
The high temperature residence time was calculated to be 
25 0.78 seconds. The powder obtained by this reaction was 
collected with a bag filter and then introduced into an 
external heating rotary kiln heated at 800 °C to remove 
the by-product component (hydrogen chloride) adsorbed. 
The residence time in the rotary kiln was about 30 



20 



WO 2004/060808 



- 27 - 



PCT/JP2003/016964 



10 



minutes. 

The powder obtained was white and the specific 
surface area thereof was measured using a Monosorb-type 
apparatus manufactured by Quantachrome Corp, according to 
the BET one-point method and found to be 54 m 2 /g. The 
powder was analyzed using a fluorescent X-ray analyzer, . 
X-ray Spectrometer Simultix 10, manufactured by Rigaku 
Corporation and found to contain 21 mass% of silica 
component. The bulk density was 0.12 g/cm 3 , the HC1 
content was 0.6 mass% and the oil absorption amount was 
1.1 ml/g. Furthermore, by the local component analysis 
(EDX), this titania-silica mixed crystal was confirmed to 
be a titania-silica mixed crystal particle where the 
silica fine crystal was uniformly dispersed in the 
15 titanium oxide fine crystal. 
Comparative Example 3 : 

, A foundation having the following formulation was 
produced by a normal method. As the titania-silica mixed 
crystal powder, the titania-silica mixed crystal particle 
obtained in Comparative Example 1 was used: 
Formulation of Foundation: 

Titania-silica mixed crystal particle 30 mass% 
Mica 15 mass% 

Talc 10 mass% 

Iron oxide (red) 1.5 m ass% 

iron oxide (yellow) 3.5 mass% 

Glycerin 10 mass* 

Purified water 30 mass% 

Perfume optimum 
This foundation was solidified during blending and a 
uniform foundation could not be obtained. 

25 industrial Applicability 

The titania-silica mixed crystal particles of the 
present invention is excellent in the visible light- 
transmitting property and also in the ultraviolet- 
shielding ability and readily dispersible in a medium and 
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therefore, the particles can be preferably used 
particularly for a composition required to have 
transparency and ultraviolet-shielding property. 
Furthermore, the titania-silica mixed crystal particles 
5 of the present invention are partially restrained in 
surface activity and do not decompose an organic 
composition present together and therefore, this particle 
can be used without applying a surface treatment. .In 
addition, the titania-silica mixed crystal particles can 
10 exert a photocatalytic ability. 



